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The study attempts to identify predictors of injuries among persons who were hospitalized following the
Armenian earthquake of 7 December 1988. A total of 189 such individuals were identified through
neighbourhood polyclinics in the city of Leninakan and 159 noninjured controls were selected from the
same neighbourhoods. A standardized interview questionnaire was used. Cases and controls shared
many social and demographic characteristics; however, 98% of persons who were hospitalized with
injuries were inside a building at the time of the earthquake, compared with 83% of the controls (odds
ratio = 12.20, 95% confidence interval (Cl) = 3.62-63.79). The odds ratio of injuries for individuals who
were in a building that had five or more floors, compared with those in lower buildings, was 3.65 (95%
Cl = 2.12-6.33). Leaving buildings after the first shock of the earthquake was a protective behaviour.
The odds ratio for those staying indoors compared with those who ran out was 4.40 (95% Cl =
2.24-8.71).

Introduction
Much of the epidemiological information on earth-
quake injuries has been based on descriptive case
studies (1-5). Current efforts to investigate earth-
quake-related morbidity and mortality are, however,
attempting to coffelate death and injuries with struc-
tural factors (6-9),a housing damage, victim beha-
viour (10-14), as well as other possible determi-
nants. A number of the earthquakes that have been
studied previously occurred in rural areas, and few
epidemiological data are available from urban earth-
quakes (15-19). Better understanding about the fac-
tors associated with death and injuries in such set-
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tings is essential to determine the relief needs and
the appropriate public health response (20, 22).b
Only by understanding how and where people are in-
jured in earthquakes can we recommend safer build-
ing designs and appropriate occupant behaviours to
improve survival, and provide information to direct
search and rescue efforts for potential survivors.

An earthquake that registered 6.9 on the Richter
scale occurred in the northem part of Armenia at
1 lh 41 on 7 December 1988 (22). A total of 500 000
to 700 000 persons were made homeless, with an
estimated 25 000 deaths. Of the 130 000 persons
who were injured, 14 000 were hospitalized, primari-
ly in Armenia itself.c In a joint project with the
Ministry of Health of Armenia and the Johns
Hopkins University, a number of epidemiological
investigations of the earthquake survivors were deve-
loped. The first of these aimed at identifying predic-
tors of injuries in persons who were hospitalized
from the city of Leninakan. The present case-control
study was conducted to compare individuals who
were hospitalized because of injuries with controls
who remained unscathed following the earthquake.
The objective of the study was to increase understan-
ding about the role of the physical setting (e.g., type

b Western, K. The epidemiology of natural and man-made
disasters. DTPH Dissertation. London, London School of Hy-
giene and Tropical Medicine 1972, pp. 1-123.
c Report on international relief assistance for the earthquake of
7 December 1988 in the SSR of Armenia. United Nations
Disaster Relief Organization unpublished document
UNDRO/89/6, 1989, pp. 1-35.
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of building, location of occupants), occupant beha-
viour, and personal characteristics in earthquake-
related injuries.

Methods
The study was begun in March 1989 and the data
collection phase was finished in September 1989.
The study population was defined as all persons who
were hospitalized with injuries from the city of
Leninakan as a result of the earthquake of 7
December 1988. A list of these patients, collected
from discharge data from all the hospitals in
Armenia, was available from the Ministry of Health,
in Yerevan. However, case identification on the basis
of the addresses given on the list proved to be impos-
sible since the residences of most of the patients with
injuries had been destroyed and they were living in
makeshift housing or moved frequently to different
places of residence. Because of these difficulties, the
selection of cases and controls was limited to identi-
fication of individuals based on information provided
by the neighbourhood polyclinics (primary care faci-
lities which provide the entry point to the health ser-
vices). From detailed maps of the city of Leninakan,
a random city block was selected on each of the days
of interviewing, and the neighbourhood polyclinic
for the block concemed was contacted to identify the
cases of hospitalized injuries caused by the earthqu-
ake. The name of each of the cases identified from
these neighbourhood searches was checked against
hospital discharge lists. For each of the cases, a
control who had not been hospitalized with injuries
was selected from another household in the same
neighbourhood. An effort was made to match the
controls and cases by sex and age within ±5 years.
Since most of the interviewers, who were students,
were employed for the summer months only, collec-
tion of data stopped in the autumn when the univer-
sities re-opened. Interviews of 189 cases and 227
controls were completed. However, 68 of the persons
interviewed as controls had histories of injuries cau-
sed by the earthquake, but which did not necessitate
hospitalization. These were studied as a separate
group. Less than 1% of the total study population
refused to be interviewed. After the variables of
interest had been defined, a set of questions was for-
mulated and a questionnaire was developed in
Armenian and pre-tested on a sample of 14 cases and
controls. The final questionnaire consisted of 67
questions and took about 30 minutes to administer.
The questions covered sociodemographic informa-
tion about the person and the family, where they
were located and the position they adopted during
the earthquake, injuries, rescue activities, details of

health care following the earthquake, relief efforts
and general health-risk behaviour. Each of the ques-
tionnaires was coded and put in computer format for
processing and analysis. After simple frequency dis-
tribution analyses, the data for the cases were com-
pared with those for the controls and odds ratios and
confidence intervals were calculated. The analysis
was unmatched, since a number of the cases were
not matched to the controls, many of whom turned
out to have been injured but not hospitalized.
Multivariate analyses were performed using logistic
regression.

Results
A number of the social and demographic characteris-
tics of the cases and controls were similar. Thus,
there were no significant differences between the
two groups in terms of age, sex, distribution and
educational background. Similarly, there were no
differences for factors related to general health be-
haviour, such as smoking, exercise, and alcohol
consumption (Table 1).

As shown in Table 2, 98.4% of the cases were
inside a building at the time of the earthquake, com-
pared with 83.0% of the controls, with an odds ratio
of 12.20 and a 95% confidence interval of
3.62-63.79. The odds ratio for injuries for persons
who were in a building with five or more floors com-
pared to persons in lower buildings was 3.65 (range,
2.12-6.33) (Table 3). Also, the risk increased with

Table 1: Distribution of the study groups, according to
various characteristics

No. of
hospitalized

cases

Females
Educational level
<High school
High school
Technical college
University

Age group (years)
<17
17-22
23-39
40-59
>60
Smokers
Alcohol consumption
Regular exercise

120 (63.5) a

29 (19.7)
50 (34.0)
40 (27.2)
27 (19.6)

35 (18.5)
23 (12.2)
67 (35.5)
54 (28.6)
10 ( 5.3)
42 (22.2)
40 (21.1)
81 (43.3)

No. of controls with:

No injuries Mild injuries

95 (59.8)

21 (15.2)
56 (40.6)
31 (22.5)
21 (14.3)

21 (13.2)
12 ( 7.6)
62 (39.0)
48 (30.2)
16 (10.1)
36 (22.6)
46 (29.1)
59 (37.3)

42 (62.7)

14 (23.3)
28 (46.7)
7 (11.7)

10 (16.7)

5 ( 7.4)
10 (14.7)
16 (23.5)
27 (39.7)
10 (14.7)
14 (20.6)
10 (14.7)
22 (32.9)

Total 189 159 68
a Figures in parentheses are percentages.
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Table 2: Distribution of cases and controls, according
to their location at the moment of the earthquake

No. of hospitalized No. of non-injured
Location cases controls

In a building 179 (98.4) 132 (83.0)
In the street 3 ( 1.7) 27 (17.9)

Total 182 (100) 159 (100)
a Figures in parentheses are percentages.

Table 3: Distribution of cases and controls, according
to the number of floors In the building they occupied at
the moment of the earthquake

No. of hospitalized No. of non-injured
No. of floors cases controls

<4 91 (50.8) a 102 (79.1)
.5 88 (49.2) 27 (20.9)

Total 179 (100) 129 (100)
a Figures in parentheses are percentages.

Table 4: Distribution of cases and controls by location,
according to the floor they occupied in the building at
the moment of the earthquake

No. of hospitalized No. of non-injured
No. of floorsa cases controls

1 30 (16.8) b 60 (46.9)
2-4 121 (67.6) 63 (49.2)
.5 28 (15.6) 5 ( 3.9)

Total 179 (100) 128 (100)
a Odds ratios: floors 2-4 versus floor 1 = 3.84 (95% confidence
interval (Cl): 2.18-6.79); floors .5 versus floor 1 = 11.20 (95%
Cl: 3.62-37.03); Mantel-Haenszel weighted odds ratio = 4.95
(95% Cl: 3.04-8.16).
b Figures in parentheses are percentages.

the number of the floor in the building (Table 4).
The odds ratio for individuals who were on the
second to fourth floors at the time of the earthquake,
rather than on the first floor, was 3.84, while the
odds ratio for those on the fifth floor or higher,
rather than on the first floor, was 11.20.

The first reaction of individuals who were
within a building at the moment of the earthquake,
after the initial shock, was to run outdoors as a pro-
tective measure (odds ratio for staying indoors, 4.40;
(range, 2.24-8.71)) (Table 5). A separate analysis
was performed for the subgroup of cases and

controls who had moved at all after the first shock.
For this subgroup, the odds ratio for those who
moved within the building compared with those who
ran out of the building was 3.84 (range, 1.77-8.42).

Table 6 shows the odds ratios after a multivaria-
te adjustment of these findings using logistic regres-
sion. The results indicate that this had no appreciable
effect, except for location on the upper floors of the
buildings, where the adjustment decreased the
magnitude of the association.

Table 5: Distribution of cases and controls, according
to their reaction after the first shock of the earthquake

No. of No.of
hospitalized non-injured

cases controls

Stayed indoorsa 144 (90.0) b 88 (67.2)
Ran or jumped outdoors 16 (10.0) 43 (32.8)

Total 160 (100 ) 131 (100)
a Odds ratio for staying indoors = 4.40 (95% confidence inter-
val: 2.24-8.71).
b Figures in parentheses are percentages.

Table 6: Multiple logistic regression analysis, adjusting
for age group and the variables shown

95% Confidence
Variable Odds ratio interval

.5 floors in the building 3.45 1.76-6.74
Individuals located on floors:
2-4 versus 1 2.60 1.42-4.75
5 versus 1 4.02 2.08-14.9

Stayed indoors versus ran outside 4.84 2.34-10.0

Discussion
Previous studies have stressed the importance of cri-
tically analysing earthquake data in order to develop
methods for rapidly assessing health care needs and
improving disaster relief (1-5, 24, 25). In the after-
math of the Armenian disaster, an opportunity arose
for us to study the injuries in the city of Leninakan
and to relate them to different types of buildings,
occupant locations, and occupant behaviours.

There have been some attempts to correlate
death and injuries in earthquakes with structural fac-
tors (6-9),d housing damage, victim behaviour

d See footnote a, p. 251.
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(10-14), and other possible determinants of injury.
Most of the previously studied earthquakes, how-
ever, occurred in rural areas, and except for the ear-
thquake in Mexico City in 1985, little research has
been conducted on a major catastrophic earthquake
within an urban environment (15-19, 26, 27). Also,
most studies have examined mortality and not mor-
bidity. The present is the first case-control study
that has focused on the determinants of injury in a
major urban earthquake.

Among the factors that determine the number of
people killed after a building collapses are entrap-
ment, the severity of their injuries, how long indivi-
duals can survive without medical attention, the time
taken to rescue them and the medical treatment they
receive (28, 29).e A 1977 study of the Guatemalan
earthquake concluded that deaths and injuries are cri-
tically dependent on the damage to housing and on
the type of construction materials used (7). The most
important findings of this study related to the signifi-
cant differences between hospitalized cases and
uninjured controls in terms of their location at the
time of the earthquake and their behaviour immedia-
tely after the impact.

The most common cause of earthquake injury in
Armenia resulted from vibration-induced failure of
buildings, which entrapped victims (30). Such struc-
tures ranged from simple dwellings, with heavy roof-
ing material, to large multistorey buildings which
collapsed totally (22, 31). The structural engineering
factors that lead to injury need to be addressed by
improving building design and construction practices
and by stringently implementing the building codes;
also, initial occupant reaction during an earthquake
could be taught and modified (10). Often it is as-
sumed that during a major earthquake the ground
motion will be too violent or the time will be too
short for building occupants to pursue any actions
that could affect their own survival or that of others.
However, the few studies that have appeared suggest
that occupants often have both the time and ability to
take several actions before buildings collapse and
that proper occupant action can be a decisive factor
in either causing or preventing injury (10, 12).
Education and training could therefore play a signifi-
cant role in reducing earthquake morbidity and mor-
tality; initial occupant actions following the first
shock should, however, be based on a realistic
appraisal of occupants' capabilities and actions
during earthquakes. Studies suggest that many gene-
ral beliefs about appropriate response can endanger

e Coburn, A.W. et al. Factors affecting fatalities and injury
in earthquakes. Internal Report, Engineering Seismology and
Earthquake Disaster Prevention Planning. Hokkaido, Japan,
Hokkaido University, 1987, pp. 1-80.

rather than protect building occupants (10).
Confusion about recommended first actions might
arise because the relative efficacy of protective occu-
pant actions is very much dependent on the seismic
performance of specific building types (13).

Widely-accepted beliefs about how people react
in earthquakes need to be re-examined; depending on
the physical setting, some beliefs appear valid, others
potentially fatal. Experience indicates that different
types of building withstand earthquake shaking in
quite dissimilar ways, thereby threatening occupants
in different ways.e Thus, in San Francisco and
Tokyo, whose buildings have a low probability of
catastrophic collapse due to strict enforcement of
building codes, and where there is some crowding of
structures especially in central areas, the recommen-
dation may be to stay indoors to avoid being struck
by a rain of bricks on to pavements from unbraced
balconies or omamental parapets (12, 32-36). On the
other hand, in countries with poor or nonexistent
building codes, where the majority of the structures
have the potential for catastrophic collapse, e.g., in
Armenia, running out of doors at the first instant of
the earthquake may represent the only chance of sur-
vival; however, this may be too simplistic. For
example, in coastal towns of Peru that were affected
by the catastrophic 1970 earthquake, people who
rushed instinctively out into the wide streets at the
first tremors escaped unscathed, and many of those
trapped in the collapsed houses with flimsy roofs
were rescued (37). In contrast, the people in the
mountainous Callejon de Huaylas who reacted simi-
larly to the first tremors were immediately buried in
the narrow streets by tons of rubble bursting out
from both sides under the weight of heavy town
roofs. Also, in the parish of Venzone, hit by the 1976
Friuli earthquake in northem Italy, agile groups suf-
fered more than the elderly or very young because
they ran out into the narrow streets and were crushed
by falling masonry (38). Clearly the development of
sound guidelines indicating the best actions to take
to reduce the likelihood of injury will require further
careful studies of the location of injured and non-
injured persons, correlated with specific geographi-
cal sites and building stock.

In Armenia, retrospective comparison of the
behaviour of hospitalized, injured, and noninjured
controls suggests that running out of the building
decreased the injury rate. However, it is possible that
many of the cases were unable to run out of the buil-
ding because of their injuries, i.e., the injury itself
could have influenced their behaviour. Our separate
analysis of the subgroup of cases and controls who
had moved at all after the first shock showed that
those who were able to move and stayed in the
building had an odds ratio of 3.84 for hospitalized
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injuries compared with those who ran out of the
building. In Artnenia, the early waming offered
by preliminary tremors may also have been helpful in
decreasing earthquake morbidity. Similarly, an earth-
quake in the Yugoslavian state of Montenegro in
1979 came in two shocks, with enough time between
them for people to get outside their houses (39).

Although a building may still fail in an earth-
quake, injuries can be prevented or reduced if those
parts of the building likely to be occupied by large
numbers of people are designed in such a way that
there is less risk of injury to the occupants. For
example, one recommendation may be for structural
engineers to design safe emergency exits, especially
in taller buildings. However, in order to design an
effective escape route, both behavioural and engine-
ering factors need to be taken into consideration.
Unfortunately, in many buildings the staircase is the
weakest element when the ground shakes (39). Thus,
high-rise apartment complexes are very dangerous in
earthquakes, since they have few emergency exits,
and vulnerable lifts and stairs. Clearly, proper occu-
pant behaviour in earthquakes needs to be studied
further in multidisciplinary investigations involving
epidemiologists and structural engineers (40, 41).

Building types and structural systems have dif-
ferent collapse mechanisms when they fail under the
influence of earthquake ground motion, and the type
of building and collapse pattem affect occupant sur-
vival rates (28, 42). For example, in buildings that
collapse quickly or that take a long time to evacuate
a high proportion of occupants may be trapped. The
few statistics that are available on reinforced con-
crete buildings show that about 90% of occupants
are trapped by collapse of these structures! This is
probably due primarily to the difficulty of escaping
from multistorey buildings. These observations
are consistent with the results of our study, which
showed that persons located on the lower floors of
multistorey buildings were able to escape injury, or
at least severe injury that required hospitalization.
Thus, not only are the type of building and the
occupant's behaviour important determinants of mor-
bidity, but so also is the location of the victim at the
time of the impact. Determining where people were
located when they were injured or killed can provide
valuable information to search and rescue per-
sonnel looking for potential survivors.

f Spence, R.J.S. et al. Reducing human casualties in building
collapse: methods of optimising disaster plans to reduce injury
levels. Cambridge University. Martin Centre for Architectural and
Urban Studies, 1991, p. 25.

Study limitations

Although, the selection of the cases and controls in
the study was far from ideal, it reflects some of the
difficulties encountered in random sampling
approaches in communities that have been almost
totally destroyed by a disaster. However, comparison
of the demographic characteristics of the cases with
those of the total population of hospitalized patients
from Leninakan indicated that for both groups a
number of social and demographic factors were simi-
lar, which argues against selection or sampling bias
for cases.

The possibility of interviewer bias also has to be
considered since the case-control status of the study
subjects was known to the interviewers. However,
those controls who tumed out to have minor injuries
upon interview had characteristics that were more
similar to those of the case group than to those of the
controls. This speaks against interviewer bias.
Finally, there were no differences between the case
and control groups for a large number of variables
that may have been thought to be earthquake-related
but which were not.

Cultural factors and differences in building
materials, practices, and pattems vary significantly in
different countries, as do pattems of building use.
Care must therefore be exercised in generalizing the
results of the present study to other countries, parti-
cularly to industrialized countries (23). Despite these
limitations, the results of the study have increased
our understanding of the magnitude of the threats
that different building types and occupant behaviours
pose and have suggested practical guidelines to
improve public awareness and protection in earth-
quake-prone parts of the world, e.g., educational pro-
grammes that focus on protective actions to take in
earthquakes.

Conclusions
Our findings contribute to the overall process of
developing a methodology for the investigation of
the health effects of earthquakes. Studies such as this
should help to guide building construction practices
in earthquake-prone regions, suggest actions to be
taken by occupants to prevent death and injury, and
provide insights that will lead to the development of
better earthquake-preparedness plans.
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Resume

Etude cas-temoins des blessures
cons6cutives au tremblement de terre
d'Armnnie, 1988
Dans cette etude, les auteurs ont cherch6 a
d6terminer les facteurs predictifs de blessures
chez les personnes hospitalis6es a la suite du
tremblement de terre survenu en' Arm6nie le 7
d6cembre 1988. Ont ete retenus comme cas 189
bless6s hospitalis6s dans un des dispensaires de
quartier de L6ninakan, et comme temoins non
blesses 150 personnes provenant des memes
quartiers. Un questionnaire par interview normali-
se a 6t6 utilise. Les cas et les t6moins pr6sen-
taient de nombreuses caracteristiques sociales et
d6mographiques communes; toutefois, 98% des
blesses hospitalises se trouvaient a l'interieur
d'un batiment au moment du tremblement de
terre, contre 83% des t6moins (odds ratio =
12,20, intervalle de confiance a 95% (CI) =
3,62-63,79). Le odds ratio des blessures pour les
sujets se trouvant dans un batiment ayant cinq
6tages ou plus, par rapport a ceux qui se trou-
vaient dans des batiments moins hauts, 6tait de
3,65 (Cl 95% = 2,12-6,33). Le risque de bles-
sures etait significativement plus eleve pour les
personnes qui se trouvaient dans les etages les
plus elev6s lors du tremblement de terre. Le fait
de quitter les batiments des la premiere secousse
constituait un comportement protecteur. Le odds
ratio pour les sujets restes a l'int6rieur par rap-
port a ceux qui sont sortis immediatement 6tait
de 4,40 (Cl 95% = 2,24-8,71).

Les resultats de cette 6tude 6pid6miologique
contribuent au processus d'elaboration d'une
methodologie d'investigation des effets des trem-
blements de terre sur la sante. De telles etudes
aideront a orienter les pratiques de construction
dans les regions sismiques, a proposer des com-
portements permettant aux occupants d'eviter
d'etre bless6s ou tues, et fourniront des indica-
tions qui permettront d'am6liorer les plans d'inter-
vention en cas de s6isme en tenant compte des
types de constructions usit6s dans la r6gion.
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